Sphingosine-mediated phosphatidylinositol metabolism and calcium mobilization.
The cytokine-mediated stimulation of sphingomyelin (SM) metabolism is emerging as an important signal transduction pathway via the generation of ceramide and sphingosine, products which have been shown to affect a wide variety of biological processes. Because SM-mediated signal transduction is initiated via the hydrolysis of an integral membrane phospholipid by a phospholipase C-like enzyme (sphingomyelinase) to yield lipids which modulate protein kinase C activity, the SM and phosphatidylinositol (PI) signaling pathways share certain similarities. The present study was undertaken to examine the potential for interplay between SM and PI turnover by testing the effects of sphingosine, sphingosine-1-phosphate, and ceramide on PI turnover. In dermal fibroblasts, sphingosine stimulated a rapid dose-dependent hydrolysis of PI, yielding inositol 1,4,5-triphosphate, followed by increased levels of intracellular calcium. Sphingosine-induced inositol phosphate (IP) accumulation was observed between 5 and 30 microM sphingosine with a maximal accumulation of 2.7-fold over control levels. Enhanced IP formation was measured as early as 5 s following sphingosine treatment and IP levels remained elevated for more than 60 min. Intracellular calcium mobilization accompanied the dose-dependent accumulation of IPs in response to sphingosine, although this effect was not apparent until after a 30-40-s lag period. Interestingly, sphingosine-1-phosphate stimulated a more rapid release of intracellular Ca2+ than sphingosine, but it had no effect on PI turnover. DL-threo-Dihydrosphingosine, a competitive inhibitor of sphingosine kinase, stimulates both PI turnover and Ca2+ flux, but does not block the action of sphingosine relative to those two processes. Ceramide (added as C2-ceramide), N-stearylamine, and stearoyl-D-sphingosine did not affect PI turnover or Ca2+ mobilization. Pretreatment of intact cells with pertussis toxin partially inhibited sphingosine-mediated IP accumulation, suggesting a role for guanine nucleotide binding protein(s) (G protein) in sphingosine-stimulated PI turnover. Furthermore, guanosine 5'-O-(3-thiotriphosphate) stimulated, whereas guanosine 5'-O-(2-thiodiphosphate) inhibited, sphingosine-induced IP accumulation in permeabilized cells. Collectively, these data suggest that sphingosine enhances PI turnover by stimulating phospholipase C activity, and the activation of this process may be modulated by G protein interactions. Thus, the regulation of PI turnover and Ca2+ mobilization by sphingosine may represent another mechanism by which sphingosine modulates cell function and that these effects can be distinguished from those of ceramide.